Humoral antibody directed against a grafted murine lymphoma can suppress the growth of the tumor in mice of the inbred strain native to the tumor. Antibody, however, cannot suppress the tumor growth in mice given 500 R of whole-body irradiation. When the tumor-antibody inoculum is admixed with lymphocytes or macrophages obtained from peritoneal exudate, macrophages experimentally rendered nonphagocytic, or with platelets isolated from peripheral blood, the tumor growth is suppressed in irradiated mice. These results indicate that mechanisms other than phagocytosis may play an important role in antibody-mediated suppression of tumor growth in vivo.
The growth of certain transplanted tumors can be suppressed by the humoral antibody directed against these tumors (1) (2) (3) (4) . Antibody or antibody and complement, however, do not have suppressive capacity without the participation of the cellular elements in the tumor-carrying animals. Macrophages have previously been shown to participate in the suppressive reaction (5, 6) .
In the present study, we have evaluated the capacity of various cellular elements to participate 'in the antibodymediated suppression of a murine lymphoma, 6C3HED, in syngeneic hosts. Cell types examined were: (a) lymphocytes purified from an inflammatory exudate; (b) macrophages obtained from an inflammatory exudate and experimentally rendered non phagocytic; and (c) platelets, mononuclear leukocytes, and polymorphonuclear leukocytes isolated from peripheral blood.
MATERIALS AND METHODS
Details on the mice of inbred strains C3H(eB/Fe and C57BL/6 (abbreviated C3H and B6, respectively), C3H lymphoma 6C3HED, antiserum against 6C3HED prepared in strain B6, and whole-body irradiation are found in ref. 5 . Methods for experimental tumor grafting and the measurement of tumor growth are described in ref. 6 . Tyrode's solution with 0.5% bovine-serum albumin (TSA) was used for harvesting tumor cells and suspending the normal donor cells in place of Hanks' balanced salt solution.
Normal C3H Donor Cells. Exudate lymphocytes were prepared as follows: Starch hydrolysate (Connaught Medical Research Laboratories, Toronto, Canada) was dissolved in 0.15 M NaCl by boiling a 2% suspension for 5 min. Mice were injected intraperitoneally with 3 ml of the starch hydrolysate. Two days after the injection, 5 ml of TSA contairning 5 units of heparin per ml were injected intraperitoneally into each killed mouse. After the mouse was shaken gently, the fluid was aspirated and its cells were washed once in Eagle's minimal essential medium (MEM) with 50% mouse serum. The cell concentration was adjusted to 100 X 106/ml of the same medium. Lymphocytes were purified on a glass-bead column essentially as described by Shortman et al. (7) . One ml of the cell suspension was applied to a glassbead column, 1.5-cm inside diameter and 15-cm height, equilibrated with MEM containing 60% fetal-calf serum.
The size of glass beads (Superbrite Glass Beads, 3 Peripheral blood cells were prepared as follows: Mice were killed by asphyxiation with CO2. The chest was immediately opened and blood was collected from the beating heart through a no. 20 needle into a syringe containing enough 0.1 M, pH 7.3, disodium ethylenediaminetetraacetate to make the final concentration in the blood about 0.01 M. Different cellular elements were separated from each other by the method of B6yum (8) . After the blood was fractionated into two mixtures, one containing polymorphonuclear leukocytes and erythrocytes and another containing mononuclear leukocytes and platelets, polymorphonuclear leukocytes were further separated from erythrocytes by the Dextran sedimentation method. Polymorphonuclear leukocytes were washed three times in TSA by centrifugation at 150 X g for 8 morphonuclear leukocytes, 3-5% mononuclear leukocytes, and 12-20% platelets.
One part of the platelets and mononuclear leukocyte mixture was dispersed in nine parts of TSA and centrifuged at 150 X g for 8 min to sediment mononuclear leukocytes. The pellet was washed three more times in TSA. The mononuclear leukocyte preparations had 88-90% mononuclear leukocytes, 6-9% platelets, and 2-5% polymorphonuclear' leukocytes.
The first supernate containing platelets was centrifuged again at 150 X g for 8 min to remove the contaminating mononuclear leukocytes. The pellet was discarded and the supernate was centrifuged at 1000 X g for 20 min to sediment the platelets. The pellet was dispersed and washed twice in TSA by centrifugation.' The platelet preparations were contaminated with 0.005-0.02% mononuclear cells. All glasswaIre was siliconized.
Modification of Cells. Freezing and thawing: Cells were frozen at -70°and thawed at 37°. The procedure was repeated twice.
Heating: Test tubes containing cells were immersed in boiling water for 5 min. The cells were washed once and adjusted to the desired concentration. After heating or freezing and thawing, the cells could not exclude eQsin Y; macrophages were not able to phagocytose latex particles. Anti-@ and complement treatment: One part of cells, 40 X 10Q cells per ml of TSA, was mixed with one part of anti-@ serum diluted 1/4 in TSA and the mixture was incubated for 20 min at 37°. Cells were sedimented by centrifugation, dispersed in one part of agar-absorbed guinea pig serum (9) , and incubated for 45 min at 370. Cells were washed twice in TSA, and the viability was'determined by eosin Y-exclusion test. Under the conditions used, 100% of C3H thymocytes were killed. Anti-B serum was kindly provided by Dr. Nathan Kaliss, Jackson Laboratory, Bar Harbor, Maine. The antiserum was raised in F-1 hybrid between AKR and PL strains of mice by immunizing them with C58 thymocytes.
Phagocytic Test. In a 13 X 100-mm screw-cap tube, 6.25 X 106 leukocytes were mixed with 6.25 X 108 latex particles suspended in MEM. The final v6lume of the mixture was 0.27 ml. The tube was rotated end over end at 12 rpm at 370 for 30 min. The tube was centrifuged and the st4pernate was discarded. Smears-made from the cell'pellet were stained with methylene blue, and the percent phagocytosis was determined (10 10 spleen cells to one tumor cell. In another ex-25-1, no suppressive capacity was detected. In the experiment in which spleen cells were suppressive, they were about 1/4 as effective as the lymphocytes purified from an inflammatory exudate. Some of these results are shown in Table 1 .
Suppression by Nonphagocytic Macrophages. Normal macrophages and macrophages rendered nonphagocytic by freezing and thawing had similar suppressive capacity in the presence of antibody. When macrophages that had been frozen and thawed were sedimented by centrifugation, the cell pellet, but not the supernate, had suppressive activity. Heated, nonphagocytic macrophages were also suppressive. In the absence of antibody, neither heated nor frozen and thawed macrophages could suppress tumor growth ( Table 1 ). The treatment of macrophages with anti-B and complement affected neither their viability nor their suppressive capacity.
Suppression by Platelets. Polymorphonuclear leukocytes and mononuclear leukocytes were tested for their suppressive capacity at the effector cell-to-tumor cell ratio of 10-1. Cell counts of 32 normal C3H blood samples have shown that there were 70-300 times more platelets than either polymorphonuclear leukocytes or mononuclear leukocytes alone. Because of the abundance of platelets, their small size, and the ease with which they can be obtained in high purity, the suppresive capacity of platelets was tested at the tumor cellto-effector cell ratio of 1 to up to 2000. Platelets were suppressive, whereas neither mononuclear leukocytes nor polymorphonuclear leukocytes were. Freezing and thawing abolished the suppressive capacity of the platelets (Table 1) .
DISCUSSION
In a series of studies, we have examined the role of various humoral and cellular elements in antibody-mediated suppression of the growth of a murine lymphoma in vivo (5, 6 
